The glaciers of central Asia provide suitable locations from which to recover continuous, high-resolution glaciochemical records on a continental scale. Although the glaciochemical investigations undertaken to date in central Asia are few in number and limited in terms of spatial coverage and length of record, some preliminary observations can be made concerning regional and seasonal trends in snow chemistry in this region.
INTRODUCTION
The recovery and analysis of snow and ice samples from appropriately located snow-pits and ice cores have proven extremely valuable in producing continuous records of atmospheric chemistry and climate (e.g. Lorius and others, 1985; Mayewski and others, 1986a) . Furthermore, records from glaciochemical investigations are especially important when direct observations and measurements of the atmosphere are either spatially and/or temporally lacking.
The vast extent of glacierized regions in the high mountains of central Asia ( This paper reviews the glaciochemical data which have been collected from central Asia and provides some preliminary observations concerning regional and seasonal trends in central Asian snow chemistry. EXISTING DA TA SETS Table I provides a listing of the glaciochemical invest igations that have been undertaken in the high mountains of central Asia and Table II provides a detailed summary of the chemical characteristics of central Asian snow. Perhaps the single most obvious fact that emerges for this vast region is that the existing data set is limited both spatially and temporally. However, data are now available also from the Dunde (Thompson and others, this issue) and Chongce (Nakawo and others, this issue) ice cores.
Glaciochemical data are currently available only for sites on the southern margin of the mountain ranges of central Asia (sites I through 4, Fig. I ) and from the Tien Shan and Bogda Shan in north-west China (sites 6 and 7, Fig. I) . Additionally, only the records from the Biafo, Glaciochemical samples were collected from snow-pits excavated from 4650 to 5520 m a.s.1. The aspect of these collection sites varied from east to south to west. The northward-facing Sentik Glacier is one of several glaciers emanating from the Nun Kun Plateau (325 km 2 ). While the plateau is largely ice-covered, extensive areas surrounding the plateau are ice-free. Khel Khod Glacier is one of several relatively small «10 km 2 ) glacier basins in Kashmir.
It faces south-westward and is surrounded by ice-free areas. Calcium, sodium, chloride, nitrate and sulfate concentrations in jLeq kg-\ reactive silicate concentration in jLmol kg-\ Na: Cl ratio in jLeq kg-1 (in sea water Na: Cl ratio is equal to 0.86).
* These data correspond to the full 120 samples analysed and not to the 100 samples presented by lenkins and others (1987). • Only eight of the investigations listed in Table I have published ion concentration data.
DISCUSSION
Although the glaciochemical investigations undertaken to date are few in number and limited in terms of spatial coverage and length of record, some preliminary observations can be made concerning regional and temporal trends in snow chemistry and their importance in improving our understanding of regional atmospheric circulation and atmospheric chemistry in central Asia. Figure 2 illustrates the mean concentrations of sodium, chloride, nitrate and sulfate in snow collected from the mountains in central Asia. The columns in the histograms, from left to right, are roughly arranged west to east (except for the Tien Shan and Bogda Shan sample locations). In interpreting the data, more weight is given to the glaciochemical data recovered from the Biafo and Sentik glaciers since the records from these two regions extend for more than one year and were recovered from areas that experienced minimal post depositional alteration, and since sodium, chloride and nitrate concentrations were determined for both studies.
Both sodium and chloride show strong regional trends with the lowest values in the Karakoram, and progressively higher values toward the south-east. This regional trend clearly demonstrates the increased influence of (Table 11 ) approach the ratio found in sea water (0.86 in lLeq kg-l ). Thus, most of the sodium and chloride entering the region is derived from marine sources. The slightly higher sodium: chloride ratio for the Sentik Glacier samples implies an additional source of sodium. Snow from Sentik Glacier is also characterized by high concentrations of reactive silicate (Table 11 ). The elevated sodium and reactive silicate values suggest inputs of crustally-derived material. The very high sodium values observed in samples from Khel Khod Glacier cannot easily be interpreted in terms of a regional trend as they most likely reflect a local crustal source from surrounding ice free areas. The high sodium and chloride concentrations of snow from the Tien Shan and the Bogda Shan most likely represent an input of sodium-and chloride-rich dust originating from the extensive evaporite deposits to the north and west of these mountain ranges. Low nitrate concentrations were found in snow collected from the southern margin of the Himalayas (Sentik and Yala glaciers) and high concentrations in snow deposited on the northern margin of the Himalayas (Biafo Glacier, Xixabangma peak and Mount Everest). This strong regional trend in the spatial distribution of nitrate suggests the influx of terrestrial dust, rich in nitrate, originating from the extensive arid regions of central Asia. From an analysis of nitrate values in snow around the world, Lyons and others (in press) found that aerosols derived from continental interiors tend to be rich in nitrate. In addition, snow samples from Mount Everest and the north-west corner of China show extremely high calcium concentrations (Table 11) , indicative of dust derived from the arid regions of central Asia.
Sulfate value · s samples collected from Yala Glacier, Kumjung village, Xixabangma Peak, and Mt.
Everest compared to samples from Biafo Glacier. Excess sulfate (non sea-salt) accounts for 90-95% of the total sulfate measured at all five sites.
The elevated sulfate concentration in these samples could be (Wake and Mayewski, in preparation) . Strong seasonal signals are present in 6 18 0 records from both the Sentik (Mayewski and others, 1984) and Biafo (Wake, 1987 (Wake, , 1989 (Wushiki, 1977a, b) . 6 18 0 values derived from longer term records (i.e.
, Biafo Glacier
greater than one year) and from individual samples of surface snow collected over a range of elevations, albeit from a limited number of sites, show no apparent trend with elevation (Fig. 3) . This is not surprising as factors other than temperature, such as transport history and local meteorological conditions, can strongly affect the isotopic composition of snow in mountain areas (Niewodniczanski identified by measuring the aluminium, sodium, calcium, magnesium, reactive silica and iron content of the samples. A potential volcanic source of sulfate could be identified by looking at microparticle, chloride and fluoride concen trations, and sulfur isotope ratios. The remaining excess sulfate would most likely be due to anthropogenic activity. Anthropogenic influence could be quantified by analyzing the snow for such constituents as ammonium, nitrogen and sulfur isotopes, and various trace metals. Stratospheric versus tropospheric inputs can be distinguished using 7 Be as a tracer. In addition, we must also improve our understanding of the air/snow fractionation processes which dominate in the different climatic regimes of the area. We are in the process of developing this type of data set for snow samples collected from selected sites throughout central Asia.
The glaciochemical record in central Asian glaciers represents an extremely valuable, yet virtually untapped, resource. However, depending upon the sample location, glaciochemical records recovered from central Asian glaciers could potentially be swamped by high levels of marine, continental dust and/or anthropogenic inputs; a problem less prevalent in polar regions. Therefore, understanding the processes which control the chemical content of snow, the local to regional scale complexities, and the seasonal variability are fundamental steps necessary in order to assess the potential for recovering representative long-term glacio chemical records from central Asia.
